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ENCAPSULATED LEADFRAME
SEMICONDUCTOR PACKAGE FOR
RANDOM ACCESS MEMORY INTEGRATED
CIRCUITS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This 1nvention relates to plastic leadirame semiconductor
packages such as those used 1n the manufacture of dynamic
random access memories (DRAM) that are capable of a high
data transfer rate in the range of 1 GigaHertz.

2. Background Art

Dynamic random access memory (DRAM) integrated cir-
cuits are widely used in leadirame packages such as thin small
outline packages (TSOP) for memory module assembly.
TSOP packages have many advantages 1n the fabrication of
dual 1inline memory modules (DIMM). These packages are
characterized by a low (1.e. thin) profile, low manufacturing
cost, relatively small size, and are generally compatible with
common surface mount technology (SMT) equipment and
processes. Accordingly, inrecent years, TSOP packages have
been the package of choice for use 1n most DIMM memory
module assemblies.

However, with the advent of high-speed and high-perfor-
mance DRAM memory devices, the system clock speed of a
synchronous DRAM (SDRAM) has increased from less than
100 MHz to over 300 MHz and higher. Newer generation
devices such as the double data rate (DDR) SDRAM have
clock speeds moving beyond 500 MHz. These high perfor-
mance devices require that the package electrical inductance
be minimized to better preserve the system signal integrity
and timing parameters. Typically, a conventional TSOP pack-
age containing an IC chip 1s wire-bond interconnected to the
leadirame tip bonding pads by means of thin (e.g. 25-30 um
diameter) gold wires. Hence, at high frequencies, such wire-
bond iterconnections exhibit a significant amount of induc-
tance.

Consequently, many chip scale packages (CSP) use ribbon
conductors instead of wires to reduce the package inductance.
However, the CSP packages are more expensive to manufac-
ture than TSOP packages and require more advanced surface
mount technology equipment for board-level assembly and
inspection. Accordingly, there exists a need for a high pertor-
mance TSOP-type leadirame package that can be manufac-
tured at low cost and can be easily assembled using standard
SMT equipment and procedure so as to be suitable for use 1n
most DRAM packages used today.

In a modern memory IC TSOP package, the IC mput/
output bonding pads are located along the centerline of the
chip and the leadirame leads are extended to both the right-
hand and the left-hand sides of the center bonding pads. This
lead-over chip (LOC) arrangement 1s employed to minimize
the distance between the leadirame terminals and the bond
pads such that, after wire bonding, the wire loop distance and
height will be minimized when compared to having the lead-
frame terminals located near the perimeter of the chip, which
requires much longer wire length from the center of the chip.
Even with such LOC optimization, there still 1s a substantially
large wire length 1n a TSOP package when compared to chip
scale packages that use shorter interconnections by means of
cither thin wires, conductive ribbons, or flip chip bumps.
Because of this limitation, new generations of SDRAMs hav-
ing high system speeds are typically used in only the more
expensive CSP packages.

It 1s therefore desirable to have a configuration compatible,
low-cost package that permits the use of late generation,
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high-speed DDR SDRAM memory integrated circuits in
leadirame packages such as a TSOP for easy manufacturabil-
ity 1n a conventional memory DIMM module assembly. In
this same regard, 1t 1s also desirable to enhance the high-speed
performance characteristics by replacing the conventional
thin wire bonds used for electrical interconnection between
the IC 1mput/output bonding pads and the package leadirame
terminal pads with other interconnection means that allow for
better electrical signal integrity and timing parameters similar
to those of chip scale packages.

SUMMARY OF THE INVENTION

According to a first embodiment, a plastic leadframe semi-
conductor package includes an IC chip that has self-contained
flip chip bumps, a leadirame segment to which the chip 1s
attached, and a package body comprising a plastic molding
compound to encapsulate the chip and the leadirame. The
external leads of the leadirame can be formed into a gull-wing
shape to resemble a standard thin small outline package
(TSOP). Alternatively, the external leads of the leadirame can
be wrapped around the bottom of the plastic body to resemble
a micro-lead frame (MLF) package. Inside the molded body,
the internal tips of the leadiframe are flip chip bonded to
bumps formed on the die by appropriate flip chip bonding
methods. The original centerline bond pads on each IC are
first re-routed by a redistribution layer on the surface of the
chip. The ending locations of the fan-out pads are chosen to
mate with the leadirame terminals. Appropriate water bump-
ing techniques are then used to deposit the desired flip chip
bumps onto the IC at the designated locations. The bumps are
preferably formed from solder, gold, nickel/gold or conduc-
tive polymer.

As an alternate to the flip chip bump attachment method,
the interconnection between the 1C and the leadirame inner
tips 1s made by means ol an interposer. The interposer
includes either a thin flexible substrate, such as that made
from polyimide/copper, or a thin flexible core glass/epoxy
printed wiring board. The center pads of the interposer are
mated to the IC bonding pads by using raised micro-bumps
such as gold stud bumps, conductive polymer bumps, or
conductive particle filled polymer/composite bumps or by
using oppositely curled microspring contacts having a spring-
like flexibility. The fan out portion of the substrate 1n the
interposer includes fan-out traces with terminal bonding
pads. The interposer can be pre-attached to the IC by adhesive
lamination or be attached to the leadirame by means of reflow
soldering.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a conventional semiconductor leadirame
package that 1s characterized by a wire bond interconnection
between the IC and the 1nner tips of the leadirame;

FIG. 2 shows the cross-section of a new TSOP semicon-
ductor leadirame package with flip chip bump i1nterconnec-
tion between the IC and the 1nner tips of the leadirame, where
the outer lead frame tips have a gull-wing shape;

FIG. 3 shows the center bond pads and redistribution traces
fanning out the thp chip bumps to two sides of the IC of the
semiconductor leadframe package of FI1G. 2;

FIG. 4 shows a cross-section of a TSOP semiconductor
leadirame package having an interposer with microspring
contacts for interconnection between the IC chip and the
leadirame inner tips;

FIG. 5a 1s a top view showing details of the interposer and
the microspring contacts thereol connected between the IC
bonding pads and the leadirame tips of the package of FIG. 4;
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FIG. 556 1s an end view of the interposer of FIG. 5q;

FIG. 6 1s a cross-section of an MLF semiconductor pack-
age with tlip chip bump 1nterconnection between the IC and
the mner tips of the leadirame, where the outer leadframe tips
are wrapped underneath the plastic encapsulated body; and

FIG. 7 shows an alternative embodiment for the interposer
of the TSOP package of FIG. 4.

DETAILED DESCRIPTION

FIG. 1 of the drawings illustrates a conventional plastic
leadirame semicondutor package 50 having a well known
wire bond interconnect scheme. The semiconductor package
50 includes an integrated circuit (IC) device 52 having center
bonding pads 54 (only one of which being shown) attached to
the top surface thereof. The leadirame 56 1s atfixed to the top
surface of IC device 52 by means of adhesive 58. The inner
tips 57 of the leadirame 56 are electrically connected to the
center bonding pads 34 by way of thin gold wires 60. The IC
device 54, leadirame 56, and wire interconnects 60 are all
encapsulated by a suitable molding (e.g. plastic) compound
62.

Referring to FIG. 2 of the drawings, the cross-section of a
plastic leadiframe semiconductor package 1 according to a
first embodiment of this invention 1s shown having an IC
device 3 with center input-output bonding pads 5 (only one of
which 1s being shown). The center bonding pads 5 include
conductive traces 7 to fan out the original input and output
pads to both sides of IC device 3 at locations that match the
iner tips 9 of the leadirame 11 with designated terminals for
interconnection to the specific imnput and output pads. Pursu-
ant to the improvement of this first embodiment, individual
bumps 13 are fabricated on the surtace of the IC device 3 at
water level prior to dicing into individual chips. Such chip
grown bumps 13 are oiten referred to as flip chip bumps. By
way ol a preferred example, the bumps 13 are formed of
solder or any other conductive material that 1s suitable for
interconnection to the leadirame terminals. The flip chip
bumps 13 of FIG. 2 replace the wire bond interconnects 60 of
FIG. 1.

During die-attach assembly, the IC device 3 1s first aligned
to the leadframe 11 and then the flip chip bumps 13 are
interconnected using appropriate water bumping methods 1n
accordance with the bump matenal. The inner tips 9 of the
leadirame 11 are tlip chip bonded to bumps 13 by conven-
tional tlip chip bonding methods. In the case where eutectic
solder bumps are used, an oven retlow process 1s applied to
101n the solder bumps 13 to the leadirame tips. When conduc-
tive polymer bumps are used, appropriate compression and
heat cure are applied to join the bumps 13 and the leadirame
t1ips.

The attached die/leadirame subassembly 1s then encapsu-
lated using a molding compound material 15. The external
leads 17 of the leadirame 11 of package 1 are then trimmed
and formed to be the desired shape. For the semiconductor
package 1 of FIG. 1, the external lead tips 17 of leadirame 11
are formed 1nto a gull-wing shape to resemble a standard thin
small outline package (TSOP).

Turning briefly to FI1G. 6 of the drawings, the cross-section
of a plastic leadframe package 1-1 1s shown which 1s substan-
tially 1dentical to the semiconductor package 1 of FIG. 2,
except that the external lead tips 17-1 of the leadirame 11 of
package 1-1 are wrapped around the bottom of the molding,
compound 15 within which the IC device 3 1s encapsulated so
as to resemble a micro-lead frame (MLF) package. In addi-
tion, the fan out traces 7-1 of package 1-1 are longer than the
traces 7 of the package 1 of FIG. 2 so as to accommodate a
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plurality of tlip chip bumps 13 by which to connect traces 7-1
to the mner tips 9 of leadirame 11, whereby to establish a
redundant interconnect for the purpose of maximized reliabil-
ity. The remaining reference numbers and structure used to
illustrate the MLF package 1-1 of FI1G. 6 are the same as those
used to illustrate the TSOP package 1 of FIG. 2.

The fan-out pattern for the IC device 3 of the semiconduc-
tor package 1 o1 FIG. 2 1s illustrated in FI1G. 3 ofthe drawings,
where a redistribution layer 22 containing conductive traces 7
1s applied to fan out or reroute the centerline bonding pads 5
of IC device 3 1n opposite directions to trace terminal bump
pads 24 disposed at the designated locations for mating with
their respective leadirame 1nner tips (designated 9 in FIG. 2).
Each of the conductive traces 7 1s made with suitable width
and length to control the line resistance values thereof. A
suitable under bump metallization (UBM) deposition 1s
applied to the bump pads 24 during the water redistribution
layer fabrication process prior to waler bumping. In the case
where solder bumps (designated 13 in FIG. 2) are used, the
solder 1s applied by either electroplating or screen printing
followed by solder retflow. However, other materials can be
used 1n place of solder to form the flip chip bumps 13, such as
gold, nickel/gold, or conductive polymer. Depending upon
the bump material and the flip chip attachment method, a
plastic liquid underfill material may be required. However, 1t
1s preferable that the molding composite material 135 be sui-
ficiently soit so that no underfill material will be needed
during encapsulation of the plastic package 1.

By way of a particular example, for electroplated solder
bumps, an under bump metallization comprising copper,
nickel and gold 1s first applied to the bump pad area 24 to be
followed by an electroplating of the tin/lead solder matenal.
After electroplating, the solder material 1s reflowed 1n a
reflow oven to form the round bumps 13.

Turnming now to FIG. 4 of the drawings, there 1s illustrated
the cross-section for a plastic leadirame package 1-2 that 1s
similar to the package 1 of FIG. 2, except that an alternate
means 1s provided of connecting the I1C device 3 to the lead-
frame 11 at opposite sides of device 3. That 1s to say, instead
of using tlip chip bumps (designated 13 1n FIG. 2), an inter-
poser 25 1s shown located inside the encapsulated package
body 15 by which the IC device 3 1s connected to the inner tips
9 of leadirame 11. The interposer 25 of FIG. 4 includes either
a thin flexible substrate 36 such as polyimide/copper or liquid
crystal polymer or a relatively ngid thin core glass/epoxy
printed wiring board. In the case where the substrate 36 1s
flexible, the entire mterposer 25 will have a flexible charac-
teristic. The center pads of the interposer 25 are connected to
opposite sides of the bonding pads 3 of IC device 3 by way of
a pair of curled inner microspring contacts 28 that have a
spring-like characteristic. Conductive traces 38 are intercon-
nected between the mner microspring contacts 28 and the
iner tips 9 of leadirame 11 by way of a pair of curled outer
microspring contacts 30 that also have a spring-like charac-
teristic. The mner pair of curled microspring contacts 28 that
connect conductive traces 38 to IC bonding pad 5 are oriented
to curve 1n a first direction, while the outer pair of curled
microspring contacts 30 that connect traces 38 to leadirame
tips 9 are oriented to curve 1 an opposite direction. The
microspring contacts 28 and 30 are preferably manufactured
from molybdenum or chrome by using physical vapor depo-
sition (PVD) with precise stress control in the sputtered films
to create contacts having the required curvature and spring-
like flexibility.

Because the size of the IC bonding pads 5 1s typically very
small (e.g. less than 100x100 um square), the interposer 25
must be able to support extremely fine pitch conductive traces
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38 and microspring contacts 28 and 30. For the microspring
contacts 28 and 30 used herein, a metallic trace smaller than
100 um 1s photo-etched on a substrate base material such as
polyamide, for example, and then treated and pre-stressed to
cause 1t to curve so as to have a flexible, spring-like charac-
teristic.

The semiconductor leadirame package 1-2 of FIG. 4 1s
shown having the external lead tips 17 of leadirame 11 bent to
resemble the TSOP package 1 of FIG. 2. However, external
lead tips 17 may also be bent to resemble the MLF package
1-1 of FIG. 6.

In place of the microspring contacts 28 and 30 of FIG. 4,
FIG. 7 of the drawings shows a plastic leadframe package 1-3
having small gold stud bumps 44 by which to connect the IC
bonding pads S to the internal tips 9 of leadirame 11 via
conductive traces 7. The gold bumps 44 are generated from a
gold wire ball bonder machine. Gold bumps 44 that are gen-
erated from a ball bonder machine typically have sizes around
50 um, which 1s compatible with the size of typical DRAM IC
center wire bond pads. The leadirame 11 of the package 1-3 of
FIG. 7 1s bonded to the surface of IC device 3 by means of
optional adhesive patches 46 so that the inner leadiframe tips
9 are properly aligned with respect to traces 7 with the gold
bumps 44 located therebetween.

Another type of bump which 1s suitable for use herein are
microdots of conductive polymer materials. Such polymer
bumps can be formed by using an inkjet head or micro-
dispensing syringes or pumps. Yet another bump material 1s a
conductive particle filled polymer/composite.

FI1G. 5a of the drawings illustrates a top view of the layout
for the interposer 25 that 1s encapsulated within the leadframe
package 1-2 of FIG. 4. As was earlier described when refer-
ring to FIG. 4, the mterposer layout includes either a thin
flexible substrate 36 or a more rigid circuit board made with
laminated material such as glass epoxy. As was also earlier
disclosed, 1n the case where substrate 36 1s flexible, the inter-
poser 25 will have a flexible characteristic. Alternatively, the
substrate 36 can be a thin ceramic substrate made from alu-
minum oxide (alumina) or aluminum nitride. The conductive
traces 38 extending between the pairs of inner and outer
microspring contacts 28 and 30 are preferably PVD thin film
paths that are formed by sputtering and etching. By control-
ling the intrinsic tensile stress and compressive stress 1n the
thin film metal composition, the microspring contacts 28 and
30 can be suitably curved once the covering passivation layer
40 (e.g. polyamide or BCB) over substrate 36 1s removed. In
particular, the internal tensile stress of the inner springs 28
and outer springs 30 1s opposite such that the contacts are
curved 1n opposite directions.

FI1G. 5b of the drawings 1s an end view of the interposer 25
of FIG. Sa showing the opposite curvature of the iner and
outer microspring contacts 28 and 30 relative to the conduc-
tive traces 38 that extend therebetween and fan out across the
substrate 36 to opposite sides of the IC device 3 of FIG. 4.
Although the conductive traces 38 are disposed between the
substrate 36 and the passivation layer 40, the passivation layer
40 1s formed so that the inner and outer microspring contacts
28 and 30 are exposed 1n order to be appropriately bonded 1n
the manner shown in FIG. 4.

We claim:

1. A semiconductor leadirame package comprising an
encapsulated body, said encapsulated body including there-
within an integrated circuit chip, a plurality of bonding pads
attached to the integrated circuit chip, a set of conductive
traces lying on a surface of said integrated circuit chip and
connected to respective ones of the bonding pads, said con-
ductive traces fanning outwardly from respective ones of said
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plurality of bonding pads over said integrated circuit chip, a
leadirame overhanging the set of conductive traces and said
integrated circuit chip within said encapsulated body and
having a plurality of leads extending to a location at the
exterior of said body, and electrically conductive bumps con-
nected between the set of conductive traces on the surface of
said integrated circuit chip and the leadirame at a location
where said leadiframe overhangs said conductive traces and
said integrated circuit chip within said encapsulated body by
which each of said plurality of leads of the leadirame 1s
clectrically connected directly to a respective one of the plu-
rality of bonding pads by way of an electrical series connec-
tion of a corresponding conductive trace of said set of con-
ductive traces and an electrically conductive bump and
without any wire bonding connections wherein said encap-
sulated body includes a redistribution layer located on a sur-
face of said integrated circuit chip, said redistribution layer
having formed thereon said set of conductive traces and an
array of trace terminal bump pads communicating with said
set of traces, said trace terminal bump pads establishing ter-
minals at the location where said leadirame overhangs said
conductive traces and said integrated circuit chip at which
said electrically conductive bumps are located so as to be
connected between respective ones of said set of conductive
traces and said leadirame.

2. The semiconductor leadirame package recited in claim
1, wherein said electrically conductive bumps are flip-chip
bonded to the surface of said integrated circuit chip during the
manufacture of said chip.

3. The semiconductor leadirame package recited 1n claim
1, wherein said electrically conductive bumps are fabricated
from solder.

4. The semiconductor leadirame package recited 1n claim
3, wherein said electrically conductive solder bumps are con-
nected to said leadirame within said encapsulated body by
means ol oven retlow.

5. The semiconductor leadirame package recited 1n claim
3, wherein said electrically conductive solder bumps are con-
nected to said leadirame within said encapsulated body by
means of compression and heat cure.

6. The semiconductor leadirame package recited 1in claim
1, wherein said electrically conductive bumps are fabricated
from an electrically conductive material selected from a set of
clectrically conductive materials comprising gold, nickel/
gold and conductive polymer.

7. The semiconductor leadirame package recited 1n claim
1, wherein said leadiframe extending to the exterior of said
encapsulated body includes tips that are bent into a gull-wing
shape, whereby said package 1s a thin small outline package.

8. The semiconductor leadirame package recited 1n claim
1, wherein said leadiframe extending to the exterior of said
encapsulated body includes tips that are wrapped under said
body, whereby said package 1s a micro-leadirame package.

9. The semiconductor leadirame package recited in claim
1, wherein said encapsulated body includes a plurality of said
clectrically conductive bumps by which to connect each trace
of said set of conductive traces to said leadirame within said
body.

10. A semiconductor leadirame package comprising an
encapsulated body, said encapsulated body including there-
within an integrated circuit chip, a plurality of bonding pads
attached to the integrated circuit chip, a set of conductive
traces connected to and fanning outwardly from respective
ones of the bonding pads, a leadirame overhanging and being
clectrically connected to the set of conductive traces within
said body and extending to a location at the exterior of said
body, an interposer comprising an insulating substrate
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located between said leadirame and said set of conductive
traces such that said leadirame lies on a first surface of said
insulating substrate and said set of conductive traces lie on an
opposite surface of said insulating substrate, first contacts
connected to each of said set of conductive traces to connect
first ends of respective ones of the set of conductive traces
directly to corresponding ones of the plurality of bonding
pads without wire bonding connections, and second contacts
connected to each of said set of conductive traces to connect
opposite ends of the set of conductive traces to the leadirame
wherein the second contacts connected to each of said set of
conductive traces extend beyond the msulating substrate on
which said set of conductive traces are formed by means of
which respective ones of said set of conductive traces are
connected directly to said leadirame without intermediate
bonding connections.

11. The semiconductor leadirame package recited 1n claim
10, wherein the substrate of said interposer 1s manufactured
from a flexible matenal.

12. The semiconductor leadirame package recited 1n claim
10, wherein said first and second contacts are flexible
microsprings having a spring memory.

13. The semiconductor leadirame package recited 1n claim
12, wherein said first and second microspring contacts are
curved.

14. The semiconductor leadirame package recited 1n claim
13, wherein the first and second microspring contacts are
curved 1n opposite directions relative to one another.
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15. The semiconductor leadirame package recited in claim
10, wherein said set of conductive traces are disposed within
said encapsulated body so as to lie between the insulating
substrate of said interposer and said plurality of bonding pads.

16. A semiconductor leadirame package comprising an
encapsulated body, said encapsulated body including there-
within an 1ntegrated circuit chip, a plurality of bonding pads
attached to the integrated circuit chip, an insulating substrate,
a leadirame located at one side of said insulating substrate, a
set o conductive traces located at the opposite side of said
insulating substrate and fanming thereacross, first contacts
comprising first curved microsprings located at first ends of

respective ones of said set of conductive traces for electrical
connection to said leadirame at the interior of the encapsu-
lated body and second contacts comprising second curved
microsprings located at opposite ends of respective ones of
said set of conductive traces for electrical connection to cor-
responding ones of the plurality of bonding pads, whereby
said leadirame 1s connected to said plurality of bonding pads
by way of said set of conductive traces and without any wire
bonding connections, said leadirame overhanging said 1nsu-
lating substrate and the set of conductive traces located at the
opposite side of said insulating substrate at the interior of the
encapsulated body and said leadirame extending to the exte-
rior of the encapsulated body.
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